Childhood atopic dermatitis: A cross-sectional study of relationships between child and parent factors, atopic dermatitis management, and disease severity, International Journal of Nursing Studies (2014), http://dx.doi.org/10. 1016/j.ijnurstu.2014.09.008 This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. 
A c c e p t e d M a n u s c r i p t 5 Manwaring et al., 2007) . Recent evidence suggests that apparent lack of response to traditional therapy, or failure of therapy after a good initial response, may be due to waning adherence to the AD management plan as opposed to increasing resistance to topical medications over time (Krejci-Manwaring et al., 2007) .
Characteristics of children with AD and their parents have the potential to make management difficult. Children with AD tend to experience more emotional and behavioural problems than their healthy peers (Absolon et al., 1997 , Dennis et al., 2006 , Elliott and Luker, 1997 , Pauli-Pott et al., 1999 , Reichenberg and Broberg, 2004 , and the presence of increased difficulties has been verified by independent observation of child behaviour as well as by parent report (e.g. Daud et al., 1993) . A link between more profound emotional and behavioural problems and greater AD severity has been identified by some studies (Absolon et al., 1997 , Daud et al., 1993 but not others (e.g. Dennis et al., 2006) ; these contradictory results may be explained by wide variations in age and AD severity of child samples, and in measures of AD severity and child behaviour. Elevated levels of parenting stress, depression, and anxiety are also more common among parents of children with AD (Daud et al., 1993 , Faught et al., 2007 , Pauli-Pott et al., 1999 , and reports of marriage instability attributed to the strain of caring for a child with AD are frequent (Daud et al., 1993 , Elliott and Luker, 1997 , Lawson et al., 1998 .
There is an emerging literature in the broader field of child chronic disease management suggesting that behaviour problems in children with chronic diseases may affect parents' ability to implement their child's treatment plan. Relationships have been found between child behaviour problems and difficulty managing children with asthma , Chiang et al., 2003 and children who have undergone renal transplantation (Gerson et al., 2004) . It is also widely acknowledged that high levels of parenting stress or poorer psychological functioning may impair the ability of the parent to Page 6 of 42 A c c e p t e d M a n u s c r i p t 6 meet the needs of a child with a chronic health condition , Gerson et al., 2004 .
Health behaviour theories recognise that the social environment may impact health by influencing individuals' behaviour (Rimer and Glanz, 2005) . Considering the bidirectional influences that exist between parent, child, and family may contribute to an understanding of factors that influence behaviour of parents when managing the health-related needs of a child with a chronic health condition. Thus, Bandura's (1977) theory of self-efficacy was selected as the conceptual framework for this study. The concept of self-efficacy was first proposed by Bandura in 1977, who defined efficacy expectation as "the conviction that one can successfully execute the behaviour required to produce the outcomes" (Bandura, 1977, p.193) . Self-efficacy theory proposes that, given adequate skills and incentives, an individual's reaction to obstacles and adversity in a given situation, the amount of effort they will apply, and their level of perseverance, will be determined by their self-efficacy beliefs (Bandura, 1977 , Bandura, 1997 .
Self-efficacy beliefs have been found to have causal effects on human functioning and behaviour. However, numerous factors may impact on beliefs and thereby influence actual behaviour. An individual's self-efficacy beliefs can be bolstered by experiences of success at a particular task; vicarious experience of success, through observing behaviours being successfully modelled by others; or verbal persuasion of their ability to carry out behaviours despite past failures. Conversely, self-efficacy beliefs may be undermined by repeated failures. Individuals who are persuaded by others that they lack competence may avoid the task and give up when faced with adversity. Experiences of stress or low mood may also diminish self-efficacy beliefs, leading to avoidance of challenging situations, thus restricting the opportunity to develop coping skills and experience success (Bandura, 1995 , Bandura, 1977 .
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A c c e p t e d M a n u s c r i p t 7 While the role of self-efficacy in adult chronic disease management has received attention in the literature, very few studies have examined psychosocial correlates of parents' selfefficacy when caring for a child with a chronic health condition. Available research, however, suggests that child behaviour difficulties (Heller, 1993) , parenting stress related to caring for a child with a chronic illness (Streisand et al., 2005) and socioeconomic status (Grus et al., 2001 ) may all influence parents' self-efficacy for managing their child's chronic health condition. Self-efficacy in turn has been associated with variations in parents' performance of disease management tasks, such as asthma management behaviours (e.g. assessing symptoms, administering medication, monitoring) (Chiang et al., 2003) and cystic fibrosis management (monitoring and treating respiratory infections, obstructions, malabsorption, and malnutrition) (Bartholomew et al., 1993) , for example. Perhaps most importantly, greater self-efficacy for managing the child's condition has been associated with indicators of reduced morbidity, such as fewer and less severe asthma symptoms, fewer missed school days, and fewer emergency department presentations (Bursch et al., 1999 , Grus et al., 2001 ).
Psychological support and education of parents and caregivers is of key importance to successful AD management, and although measures of parents' self-efficacy have been suggested as useful indicators of the effectiveness of interventions (Ersser et al., 2007) , published research examining relationships between parents' self-efficacy and performance of AD management tasks continues to be extremely limited (Ersser et al., 2014) . Likewise, relationships between self-efficacy or task performance, and psychosocial characteristics of children and their parents, remain virtually unexplored in the literature.
The main aim of the study was to answer the following two research questions: (i) Do child, parent, and family characteristics influence (a) parents' self-efficacy for performing AD management tasks, and (b) parents' self-reported performance of AD management tasks?
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A c c e p t e d M a n u s c r i p t 8 (ii) Does self-efficacy mediate relationships between child, parent, and family characteristics and parents' self-reported performance of AD management tasks?
The secondary aim of the study was to use direct observation of parent behaviour during a routine AD management session to examine relationships between child, parent, and family characteristics, parents' self-efficacy for managing the child's AD, and parents' observed treatment competence.
Lastly, it was hypothesised that parent-reported emotional and behavioural problems in children with severe AD would be more profound compared to children with mild or moderate AD.
MATERIALS AND METHODS
A cross-sectional study design was used. Parent-child dyads were recruited from dermatology clinics at a paediatric tertiary hospital in Brisbane, Australia, from September 2009 to June 2010. Inclusion criteria for children were as follows: aged 2-12 years with (a) a diagnosis of AD confirmed by dermatology registrar or consultant; (b) AD history of 3 months; (c) no other chronic health condition other than AD, asthma, allergic rhinitis, or allergy. For each child, one primary caregiving parent was asked to participate. Permission to conduct the research was granted by the Queensland University of Technology Human Research Ethics Committee, and by the Children's Health Services District Ethics Committee. Parents and (where able) children gave written consent to participate.
The main research questions required use of multiple regressions to test whether up to 13 continuous variables could explain variation in one continuous outcome variable. Assuming a large effect size (f 2 = 0.35), a minimum 64 parent-child dyads were needed to provide 80%
power with a type 1 error of 5% (two-tailed) for the models to be tested (Cohen, 1992) . (Abidin, 1995) , and internal consistency was excellent for the present sample ( = .95).
The Quality Marriage Index (QMI) (Norton, 1983 ) is a six-item questionnaire used to measure relationship quality and satisfaction. It contains five items assessing different aspects of the couple relationship using a 7-point Likert scale response format. An additional item assesses overall happiness within the relationship on a scale of 1 to 10. Scores range from 6-45, with scores < 30 indicative of relationship difficulties. Internal consistency was excellent for the present sample ( = .97).
The Parent Problem Checklist (PPC) (Dadds and Powell, 1991 ) is a 16-item questionnaire used to assess inter-parental conflict over child-rearing issues. The extent to which each issue has been a problem over the past 4 weeks is rated from 1 (not at all) to 7 (very much), to 
Observational Measures
Scoring Atopic Dermatitis (SCORAD) was developed by the European Task Force on Atopic Dermatitis (1993) to create a consensus on AD severity assessment. It combines assessment of extent of lesions and intensity (erythema, oedema/papules, effect of scratching, oozing/crust formation, lichenification, and dryness), and subjective symptoms (itch and sleeplessness). Scores range from 0-103 (< 25 = mild, 25-50 = moderate, > 50 = severe AD).
It is the only published AD severity measure to have demonstrated adequate content and construct validity, inter-rater reliability, and sensitivity to change (Schmitt et al., 2007) .
Observation of a routine AD treatment session was conducted, and a global rating made for parents' competence in providing appropriate and adequate AD treatment based on the child's current clinical condition. Scores ranged from 1 (low competence) to 5 (high competence). A score of 5 (high competence) was given if topical corticosteroids and/or emollients were applied to appropriate areas, in appropriate amounts, and wet-wrap dressings were used if required. A score of 3 was made if treatment was generally appropriate, but topical medications were used in insufficient amounts, or an important treatment modality A c c e p t e d M a n u s c r i p t 12 (e.g. wet wraps) was neglected to the extent that, while the child's condition was not likely to significantly deteriorate, neither was it likely to substantially improve. A score of 1 (low competence) was made if treatment was inappropriate or insufficient, to the extent that the child's condition was likely to deteriorate further.
Data Collection
Parents were provided with a questionnaire booklet at the time of recruitment into the study.
Home visits were scheduled for two weeks post-recruitment, and parents were asked to complete the booklet beforehand. At the home visits, questionnaire booklets were collected, visual assessments of AD severity conducted, and SCORAD scores calculated based on these assessments. Assessments were carried out independently by two registered nurses with expertise in paediatric AD management. Assessors were trained using the SCORAD Training Atlas, which is effective for standardising scoring of AD by personnel across different disciplines (Oranje et al., 1997) . Both nurses independently assessed 20% of the sample, and inter-rater reliability was excellent (intra-class correlation r = .99). Bland-Altman analysis confirmed agreement, with differences lying within limits of agreement (mean difference ± 2SD) for 12 out of 13 children assessed. When scores were categorised into severity classes (mild, moderate, severe), agreement was perfect ( = 1.0).
Observation of a routine treatment session was conducted for children assessed as having moderate or severe AD based on their SCORAD score. Observations were conducted at home, timed to coincide with the child's usual treatment session, and conducted in the room where treatment was usually done. Video-recording started once the child's bath was complete, and continued for the duration of the skincare session (typically 5-20 minutes).
Parents were asked to remain in the observation area, ensure that the child remained in the area once the session had commenced, and interact as naturally as possible. The researcher remained out of direct sight of parent and child (where possible) to minimise reactivity A c c e p t e d M a n u s c r i p t 13 effects. Video-recordings of all the treatment sessions were reviewed independently by two registered nurses with expertise in paediatric AD management, who assessed parents' treatment competence. Inter-rater reliability was good (weighted = .71), with perfect agreement for 62% of parents. Disagreements between assessors were 1 point.
Data Analysis
Analyses were undertaken using SPSS 17.0. Descriptive statistics were used to summarise characteristics of the sample. Parametric statistical tests were used for normally distributed data, while non-parametric tests were used for data that were not normally distributed.
Initially, general relationships between all key variables and demographic variables were assessed using Pearson's and Spearman's correlation coefficients. Between-groups ANOVAs and Kruskall-Wallis tests were used to examine differences between groups. A significance level of .05 was used. Less than 4% of data were missing overall, and the pattern of missing data was completely random.
Hierarchical multiple regressions examined relationships between (i) AD management self-efficacy, and (ii) self-reported performance of AD management tasks, and other child, parent, and family variables. Selection of variables for inclusion was guided by the conceptual framework underpinning the study and an initial evaluation of crude relationships between the variables. Where multiple variables assessed the same conceptual area, only that with the most complete data or the most precise level of measurement was included in the models. Models included parents reporting marriage or de facto relationships only, as the contexts in which single, separated, or divorced parents responded to questionnaires examining parenting conflict (PPC) or relationship satisfaction (QMI) were uncertain.
Finally, Baron and Kenny's criteria and the Sobel test (Baron and Kenny, 1986) , as well as the bootstrapping methodology described by Preacher and Hayes (2004) , were used to test whether self-efficacy mediated relationships between child, parent, and family variables and A c c e p t e d M a n u s c r i p t 14 parents' performance of AD management tasks. First, a series of regression models was used to test for mediation effects according to Baron and Kenny's (1986) criteria: namely, that a variable may be considered a mediator if (i) the independent variable/s are significant predictors of the presumed mediator; (ii) the mediator is a significant predictor of the dependent variable; and (iii) the mediator significantly predicts the dependent variable after controlling for the independent variable/s, diminishing previously significant relationships between the independent and dependent variables. Sobel tests were used to formally test statistical significance of the difference between total and direct effects (Baron and Kenny, 1986) . The bootstrapping approach to mediation analysis was also used to test significance of indirect effects, as it improves power while limiting Type I error (MacKinnon et al., 2002) , and makes no assumptions about the sampling distribution of the test statistic or the variables.
It provides a point estimate of the indirect effect, and a 95% confidence interval which indicates a statistically significant indirect effect at the .05 level if the confidence interval does not include zero (Preacher and Hayes, 2004) .
RESULTS

Sample
Of the 90 parent-child dyads within the target age range who attended the clinic between 
Predicting self-efficacy and self-reported performance of AD management tasks
Descriptive statistics for child, parent, and family variables are presented in Table 1 .
Correlation coefficients for relationships among child, parent, and family variables and parents' self-efficacy and self-reported task performance are provided in Table 2 .
Predicting parents' self-efficacy for performing AD management tasks. Hierarchical multiple regression was used to assess the ability of child, parent, and family variables to explain variation in parents' self-efficacy for performing AD management tasks (PASECI scores) (Table 3) . Child emotional difficulty and parent anxiety were not included due to weak, non-significant correlations with the dependent variable. Parent education was selected for inclusion over household income because of a stronger correlation with the dependent of Baron and Kenny's criteria (1986) , a third regression was conducted to test whether parents' education and child behaviour would still explain significant proportions of variation in task performance after adjusting for self-efficacy (see Supplementary Table 1 ).
Total variance explained by the model (adjusted R 2 ) was 90.3% F(10,41) = 48.74, p < .001. Self-efficacy accounted for 43.7% of unique variation in self-reported task performance. After adjusting for self-efficacy, previously significant independent variables (parents' education and child behaviour) were no longer statistically significant, and regression coefficients were markedly reduced, suggesting that self-efficacy mediated the relationships between task performance and both parents' education and child behaviour.
Sobel tests were conducted to test the hypothesis of no difference between total effects of education and child behaviour on task performance, and direct effects of each variable on task performance after controlling for self-efficacy. Results indicated that self-efficacy was a 
Observation of AD treatment sessions
Forty-three parent-child dyads were asked to participate in a treatment observation session, as the child's AD was assessed as being moderate or severe. Of these, 22 agreed to participate (participation rate = 51.2%). Reasons cited by parents choosing not to participate included: the child was not receiving routine treatment for their AD (9.3%, 4); the child's treatment was not carried out or supervised by a parent (14.0%, 6); time pressures (11.6%, 5); child or family stress (7.0%, 3); and living or travelling away from home (7.0%, 3). Participants had a higher mean AD severity score (M = 54.90, SD = 13.68) compared to non-participants (M = 41.00, SD = 12.43), t(40) = 3.45, p = .001, and a higher mean score for child emotional symptoms (U = 187.5, z = -2.01, p = .045); there were no significant differences between the groups on other key variables.
Over half of parents (52.4%, 11) were assessed as demonstrating high competence (score Correlations between parents' observed treatment competence and key variables are presented in Table 2 . Importantly, there were positive relationships between observed treatment competence and parents' self-efficacy for managing AD, and self-reported success in performing AD management tasks. There was also a strong relationship between observed treatment competence and outcome expectations of task performance (rho = .60, n = 21, p = .004).
Child behavioural and emotional difficulties and AD severity
A one-way between-groups ANOVA was used to test the hypothesis that behavioural problems (ECBI Intensity scores) were more profound for children with severe, compared to mild or moderate, AD. Five children lacked valid ECBI scores due to missing data, and were For children with valid scores for both the ECBI and the SDQ Emotional Symptoms subscale (n = 59), a small proportion (8.5%, n = 5) scored outside the normal range on both measures; of these, four children had severe AD, and one had mild AD.
Parents' education, self-efficacy, and child AD severity
As displayed in Table 2 , there was a negative correlation between parents' self-efficacy (PASECI) and AD severity (SCORAD), whereby greater self-efficacy for managing AD was associated with lower AD severity. Likewise, less severe AD was associated with more years of education reported by parents. However, examination of the full set of correlations (Table   2 ) revealed an unexpected relationship: despite negative correlations between self-efficacy and AD severity, and between AD severity and parents' education, parents' education was also, paradoxically, negatively correlated with self-efficacy.
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This pattern of results suggests a degree of heterogeneity within the sample. On the basis of the conceptual model underpinning the research, parents' education was considered the variable most likely to be exerting a moderating effect on relationships between the variables.
Post-hoc analyses were therefore conducted to test the hypothesis that relationships between self-efficacy, education, and AD severity would be different for parents reporting more compared to fewer years of formal education. A median split categorised parent participants into lower ( 12 years, n = 28) and higher (> 12 years, n = 36) education categories. For the lower education group, there were negative relationships between education and self-efficacy (rho = -.42, n = 28, p = .028), and between self-efficacy and AD severity (rho = -.38, n = 28, p = .045), but no relationship between education and AD severity (rho = -.166, n = 28, p = .400). For the higher education group, there was no relationship between education and selfefficacy (rho = -.05, n = 36, p = .762), and the relationship between self-efficacy and AD severity did not attain statistical significance (rho = -.29, n = 36, p = .085). There was, however, a negative relationship between education and AD severity (rho = .40, n = 36, p = .017).
DISCUSSION
This study examined factors with potential to influence parents' management of child AD, and makes progress toward addressing a gap in the literature that has hindered development of appropriate theory-based interventions to support improved management.
This appears to be one of the first studies to use validated measures of child behaviour and AD severity to examine relationships between these variables and parents' confidence and task performance when managing AD in children. Child behaviour problems, parental depression and stress, parenting conflict, and relationship dissatisfaction were all associated with lower self-efficacy and less self-reported success in performing AD management tasks.
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Of all of these variables, child behaviour was the most strongly correlated with both selfefficacy and task performance.
Each of these variables (child behaviour difficulties, parent self-efficacy, and performance of AD management tasks) were also correlated with AD severity. Child behaviour and parents' education explained significant proportions of variation in parents' self-efficacy and self-reported task performance, and self-efficacy emerged as a likely mediator for the relationships between both child behaviour and parent education, and self-reported performance of AD management tasks. These results should be interpreted with caution in light of a modest sample size and a strong relationship between the mediator (self-efficacy) and outcome (self-reported task performance) variables, which may have limited the capacity to detect significant relationships between both child behaviour and parents' education and parent-reported task performance after self-efficacy was included in the models.
Nevertheless, the data appear to support the notion that, for child behaviour in particular, selfefficacy may mediate the relationship with parent-reported task performance. Even after adjusting for disease severity, parents of children with behavioural difficulties were at particular risk of low self-efficacy for managing the child's condition, and poorer selfreported and observed performance of AD management tasks.
These results build on findings from previous research which found that parents reported a lack of confidence with managing AD when their child was uncooperative with treatment (Mitchell and Fraser, 2014) . Indeed, child resistance to treatment can be a significant problem for families of children with AD (Santer et al., 2013) . Resistant behaviours, ranging from a simple lack of cooperation through to kicking and screaming during treatment, may prompt parents to adopt coercive parenting strategies (for example, the use of bribes or force), or to reduce the frequency of therapy, both of which may be counter-productive to successful long- Observations of parents' competence when carrying out their child's treatment confirmed the relationship between parent-reported child behaviour difficulties and performance of AD management tasks. Although reasonably high levels of task performance were observed, with the majority of parents displaying high levels of treatment competence, there was substantial variation in the degree of skill demonstrated across the sample, and several parents provided treatment that was clearly inadequate given the severity of the child's clinical condition.
Research using direct observational methods to assess the behaviour of parents and children engaged in disease management tasks is scarce, and this study appears to be one of the first to use behavioural observation to assess parents' performance of AD management tasks. This is significant, as previous research has relied on parents' self-report of task performance, or of indirect measures of adherence to the child's management plan. The approach taken in the current study to assess parents' competence with AD management is noteworthy, and is a first step toward developing more reliable methods of behavioural assessment for use in clinical research with this group.
Strong relationships emerged between parents' self-efficacy, outcome expectations, and self-reported performance of AD management tasks, and parents' observed competence when providing routine AD treatment for their child. These findings provide evidence of the concurrent validity of PEMS, POEEMS, and PASECI, as parents reporting greater selfefficacy and more successful task performance were indeed observed to be performing AD management tasks at a more competent level compared to parents with lower scores on these measures. Furthermore, higher scores for outcome expectations of performing management tasks were associated with more competent task performance. These relationships are congruent with the principles of self-efficacy theory, which guided the original development of these instruments (Mitchell and Fraser, 2011) , and results therefore confirm that the A c c e p t e d M a n u s c r i p t 38 
What is already known about the topic?
Atopic dermatitis has a profound impact on the quality of life of affected children and their families, and parents are key to successful management.
Child behaviour problems and parenting difficulties are more common in this clinical group, and have been linked to difficulties managing other chronic conditions in children.
What this paper adds
Parents of children with concurrent atopic dermatitis and behaviour difficulties are at risk of lower self-efficacy for managing their child's condition, report less successful performance of management tasks, and demonstrate lower competence with providing routine treatment.
Results suggest that parents' self-efficacy mediates the relationship between child behaviour difficulties and performance of management tasks.
Interventions should focus on child behaviour and parenting issues to support parents of children with atopic dermatitis and improve child health outcomes.
